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ABSTRACT 


An analysis of covariance design was adopted to investigate differences in preservice mathematics teachers’ knowledge about forms of representing the dispersion ofa 
data set, while controlling for age, a quantitative covariate. The participants consisted of 160 pre-service mathematics teachers, who were randomly selected from four 
colleges of education in Ghana. The preservice teachers, with ages ranging between 21 and 27 years, had all completed the Colleges of Education mathematics 
teaching syllabus. The results indicated that age co-varied significantly with the teachers’ rated responses, F (1, 155) = 6.17, p < .05, partial 1’=.04. There were 
significant differences in the teachers’ rated responses in the four colleges, F'(1, 155) =2.78, p <.05, partial 7'=.08, controlling forage. College accounted for 8% of the 
variability in teachers’ rated responses. Post-hoc pair wise multiple comparison tests using Bonferroni alpha levels, indicated that teachers’ rated responses in College 
Awere greater those in College B, ¢(78) = 1.64, p<.05. The results further indicated that there were no significant differences in teachers’ rated responses by gender, F 
(1, 157) =0.51, p> .05.There was no interaction effect between college and gender, F (3, 151) =0.30, p> 0.05, there were no main effects by college, F (3,151) =2.34, 
p> 0.05, and by gender, F'(1, 151)=0.58, p>0.05.The descriptive statistics indicated that teachers’ rated responses about forms of representing the dispersion ofa data 
set were highest for variance, M= 8.12, SD=1.05, range, M=7.57, SD= 1.13, and standard deviation, M= 7.52, SD= 1.08, but were lower for Coefficient of Variation, 
M = 4.06, SD = 1.14 and Mean Absolute Deviation, M = 4.17, SD = 1.08. This study has demonstrated that preservice mathematics teachers should thoroughly 
understand every topic before graduating from the college of education. To achieve these, preservice mathematics teachers must ensure that both content knowledge 
and pedagogical content knowledge become the bedrock of their classroom instructions. 
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INTRODUCTION: 

Research in mathematics education has provided compelling evidence suggest- 
ing that students’ learning, motivation, and achievement, are affected by the qual- 
ity of the learning opportunities teachers offer to these students (Hattie, 2009; 
McCaffrey, Lockwood, Koretz, Louis, & Hamilton, 2004). In connection to this, 
teacher knowledge comprising both content knowledge (CK) and pedagogical 
content knowledge (PCK), have proven to affect teachers' instructional practices 
and students' mathematics learning and achievement (Baumert et al., 2010; Hill, 
Rowan, & Ball, 2005). CK represents teachers’ understanding of the subject mat- 
ter. To Shulman (1986), “the teacher needs not only understand that something is 
so, the teacher must further understand why it is so” (p. 9). Consequently, teach- 
ers' CK differs from the academic knowledge generated at colleges of education 
and universities and from everyday mathematical knowledge that teachers retain 
after leaving school (Krauss, Brunner, et al., 2008). PCK is needed to make sub- 
ject matter accessible to students (Shulman, 1986). Two facets of PCK in litera- 
ture abound: knowledge of students' subject-specific conceptions and miscon- 
ceptions and knowledge of subject-specific teaching strategies and representa- 
tions (see also Ball et al., 2008; Borko & Putnam, 1996; Park & Oliver, 2008). 
Even though empirical research findings have not definitively differentiated 
between CK and PCK, Hill, Schilling, and Ball (2004) found that teachers' CK 
and PCK in mathematics are merged into a body of knowledge known as mathe- 
matical knowledge for teaching (MKT). Other studies have also found that CK 
and PCK represent two correlated but separable and unique dimensions (Krauss, 
Brunner, et al., 2008; Phelps & Schilling, 2004). Given the importance of teacher 
knowledge in student learning, quality preservice teacher education is necessary 
and indispensable to impact educational reforms in many countries. However, 
the understanding of how teacher education programs affect the development of 
teacher knowledge remains limited (Cochran-Smith &Zeichner, 2005). 


LITERATURE REVIEW: 

One difficulty confronting mathematics teacher educators is their inability to ade- 
quately assess teacher knowledge. Teacher knowledge is at the heart of teachers' 
professional competence and practice (Ball, Lubienski, &Mewborn, 2001; 
Shulman, 1986; Woolfolk Hoy et al., 2006). Recent studies have provided strong 
evidence that teachers' CK affects their instructional practice, and their students' 
achievement gains. Hill et al. (2005) found that elementary teachers' MKT was 
substantially associated with student gains in mathematical understanding (Hill 
et al., 2008). Despite the high correlation between CK and PCK, CK had lower 
predictive power for student progress than did PCK. Furthermore, PCK had the 
decisive effects on key aspects of instructional quality. To this end, how teacher 
education affects the development of teachers! subject-specific knowledge is cru- 
cial to educational reform (Ball et al., 2001). Recent research have developed test 
instruments that can proximally assess components of teacher knowledge in 
mathematics (Hill et al., 2005; Krauss, Brunner, et al., 2008; Schmidt et al., 2007; 
Tatto & Senk, 2011). Krauss, Brunner, et al. (2008) concluded that the latent 
structure of subject-matter knowledge might vary between different teacher pop- 
ulations. There is some consensus and some preliminary evidence for the notion 


that CK might be a prerequisite for PCK development. 


What is the appropriate level and type of mathematics knowledge preservice 
teachers need to teach school mathematics? In this study, my analysis is under- 
pinned by the work of Ball et al. (2008), which developed the classic work of 
Shulman (1987) about content knowledge for teaching. Ball et al.'s (2008) classi- 
fication of mathematical knowledge for teaching is shown in Figure 1. 


Domains of Mathematical Knowledge for Teaching: 





SUBJECT MATTER KNOWLEDGE 


PEDAGOGICAL CONTENT KNOWLEDGE 







Knowledge of content 


Common and students (KCS) 





Content Specialized Knowledge of content 











Knowledge (CCK) content and curriculum|(KCC) 


Knowledge (SCK) 





Horizon Knowledge of content 
Contentand teaching fSCT) 


nowledge (HCK) 











Figure 1: Domains of mathematical knowledge for teaching 
(Ball et al., 2008) 








Subject Matter Knowledge: 

In Figure 1, Common Content Knowledge is the general mathematical knowl- 
edge that educated adults would have and Specialised Content Knowledge is the 
“mathematical knowledge for teaching which is detailed in a way that goes 
beyond what is needed in everyday life and, moreover, is not necessarily known 
to other mathematicians” (Campton & Stephenson, 2014, p. 13), but does not 
require knowledge of students or teaching. Ball et al. (2008) further identified 
Horizon Content Knowledge as an awareness of how mathematical topics are 
related over the span of mathematics included in the curriculum, or the “mathe- 
matical 'peripheral vision’, a view of the larger mathematical landscape” (Ball & 
Bass, 2009, p. 1). 


Pedagogical Content Knowledge: 

Shulman (1987) termed the other half of Figure 1 as “Pedagogical Content 
Knowledge” and Campton and Stephenson (2014) described it as the subject mat- 
ter knowledge for teaching, that is, “the bridge between the teacher's knowledge 
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and enabling students to know it” (p.14). Shulman viewed this as the way in 
which the subject matter can be represented in order to be comprehensible to oth- 
ers along with an understanding of what makes topics easy or difficult (i.e.,use of 
explanations, diagrams and metaphors; knowledge of students' conceptions; and 
knowledge of curriculum). Such knowledge is clearly much closer to teaching 
than that provided by Subject Matter Knowledge. Ball et al. (2008) identified 
three types of pedagogical subject knowledge: Knowledge of Content and 
Teaching; Knowledge of Content and Students; and Knowledge of Content and 
Curriculum. To become effective mathematics teachers, preservice teachers 
need to develop all these kinds of subject knowledge because, “teaching requires 
knowledge beyond that being taught to students”(Ball et al., 2008, p. 
400).Teachers require what they call ‘unpacked’ mathematical knowledge which 
they use to teach 'decompressed mathematical knowledge' to learners so that stu- 
dents eventually “develop fluency with compressed mathematical knowl- 
edge”’(Ball et al., 2008, p. 400). 


Teachers gain their knowledge for teaching from various sources (Grossman, 
1990). Drawing on Grossman's research, Friedrichsen et al. (2009) distinguished 
three potential sources of subject-matter knowledge: (a) teachers' own learning 
experiences, (b) teacher education and professional development programs, and 
(c) teaching experiences. Clearly, the three types of learning opportunities 
described by Grossman differ in their levels of formalization and intentional con- 
struction (Tynjala, 2008). Formal learning opportunities are organized and struc- 
tured by institutions on the basis of learning objectives; they generally lead to 
qualifications. Formal learning is mainly intentional—the learner has the 
explicit objective of acquiring knowledge and skills. Informal learning, in con- 
trast, is not intentionally organized and takes place incidentally, as a “side effect” 
(e.g., of work; Tynjala, 2008). It has no set objective in terms of learning out- 
comes and is usually highly contextualized. It is often referred to as learning by 
experience (Tynjala, 2008; Werquin, 2010). 


Informal, but deliberative, learning situations (e.g., mentoring, learning in peer 
groups, and intentional practice of certain skills or tools) have been described as 
nonformal learning (Werquin, 2010). In contrast to formal learning, nonformal 
learning takes place outside educational institutions and does not generally lead 
to qualifications (Werquin, 2010). Reconsidering Grossman's three sources of 
teachers’ professional knowledge in terms of this classification of learning 
opportunities, first we can conclude not only that the school mathematics curric- 
ulum offers formal learning opportunities for acquiring CK in the pretraining 
phase but also that learning situations prior to teacher education facilitate the 
informal construction of PCK (e.g., through observation of one's own teachers). 
Second, teacher education and professional development programmes provide 
opportunities to acquire CK and PCK by attending workshops and lectures (for- 
mal learning opportunities), collaborating with peers, and in teaching practice 
(nonformal and informal learning opportunities). Third, teaching experience is a 
prototypical form of informal learning.Many of the available studies investigat- 
ing the development of CK and PCK in teacher education or professional devel- 
opment are small samples or case studies (Cochran-Smith & Zeichner, 2005; Dar- 
ling-Hammond etal., 2009; De Jong & Van Driel, 2004; Friedrichsen et al., 2009; 
Richardson & Placier, 2001; Zembal-Saul, Krajcik, & Blumenfeld, 2002).Some 
studies allow in-depth insights into change in teachers' knowledge of subject mat- 
ter and have provided first evidence that teacher education and professional 
development may affect the development of CK and PCK. 


PCK implies a transformation of subject-matter knowledge, so that it can be used 
effectively and flexibly in the interaction between teachers and students in the 
classroom (Shulman, 1987). In the teacher knowledge literature, there is some 
consensus that the degree of conceptual understanding of the respective content 
provides the scope for PCK development (Ball et al., 2001; Baumert et al., 2010; 
Friedrichsen et al., 2009). It is well documented that mathematics teachers them- 
selves often have misconceptions and fragmented knowledge that limit, for exam- 
ple, their responses to student conceptions or their ability to create cognitively 
challenging learning situations (Haidar, 1997; Halim & Meraah, 2002; Van 
Driel, Verloop, & De Vos, 1998). CK is therefore regarded as a necessary prereq- 
uisite for the development of PCK (Friedrichsen et al., 2009). However, strong 
CK does not necessarily lead to the development of PCK (Lee, Brown, Luft, & 
Roehrig, 2007).In this study, the following research questions were posed: 


(1) Are there differences in pre-service teachers' mathematical knowledge 
about forms of representing the mean by students' college, controlling for 


age as acovariate? 


(2 


Na 


Are there differences in pre-service teachers' mathematical knowledgeabout 
forms of representing the mean by students’ gender, controlling for age as a 
covariate? 


(3 


Se 


Does pre-service teachers' knowledge about forms of representing the mean 
depend on students' college and gender, controlling for age as a covariate? 


(4 


Se 


What accounts for differences in pre-service teachers' responses of their 
mathematical knowledge about forms of representing the dispersion of a 
data set? 
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METHOD: 

Design: 

An analysis of covariance design was adopted for this study because it sought to 
investigate differences in pre-service teachers' knowledge from responses to a 
questionnaire rated on a ten-point scale, while controlling for age, a covariate to 
increase the statistical power of detecting differences. 


Participants: 

The participants consisted of 160 pre-service teachers (i.e., 40 from College A, 
40 from College B,40 from College C, and 40 from College D), who were ran- 
domly selected from each of these four colleges of education in Ghana. The 
preservice teachers had all completed the Colleges of Education mathematics 
teaching syllabus, and were preparing to write their final examination. Their ages 
ranged between 21 and 27 years. 


Procedure: 

Each group of forty students from each of these colleges was put into a class- 

room, after the principal had given his/her consent to allow his/her students to par- 
ticipate in the study. The questionnaire was given to each student to respond ona 

10-point quantitative scale the extent to which he/she is knowledgeable about 

using the range, standard deviation, variance, mean absolute deviation, and coef- 

ficient of determination to represent the dispersion of a data set. Each student was 

given 15 minutes to complete the questionnaire. The data were screened for out- 

liers and then analyzed. 


RESULTS: 
Table 1:Estimated Marginal Means by College; One-Factor ANCOVA 
Tests of Between-Subjects Effects by College, and Post hoc Bonferroni 
Multiple Comparison Tests, by College 


Estimated Marginal Means by College 





95% Cl 
College | N | M | SE | Sona | Bend 
CollegeA| 40 | 31.95 29 | 31.38 32.54 
CollegeC | 40 31.65 29 31.08 = 32.22 
CollegeD| 40 | 31.33] 29 | 30.75 32.00 
'CollegeB) 40 30.85 29 30.28 31.42 
| Total | 160 | 31.44| 29 | 3115 | 31.74 
| Source | SS df MS F Sig. Partial 97 
College 28.08 3 934 278 0.04 08 
Age | 20.72| 1 |2072| 617 | 001 | 07 


Error 520.04. 155 3.36 
Total 568.84 159 


Post Hoc Bonferroni Multiple Comparison Tests 
95% C.I1 Interval 





(I) College (J) College a sae SE Sig. moe ae 
CollegeC 026 043 1.00 -089 | 1Al 

CollegeA | CollegeD | 0.57 | 0.43 | 1.00] -056 | 1.74 
~ College B 164 |043| 004] 008 | 221 

| ColleeeA | -026 | 0.431100] -141 | 0.89 
CollegeC | CollegeD | 033 | 0411 1.00/ -078 | 1.43 
| CollegeB | 0.80 | 0.41 | 032] -030 | 1.91 
CollegeA | -0.59 | 043 | 1.00 | -1.74 | 0.56 

CollegeD | Collegec | -033 | 0.41 | 1.00| -1.43 | 0.78 
~ College B 048 | 0.41 | 1.00] -062 | 1.58 
CollegeA | -1.64 | 0.43 0.04 -2.21 | 0.08 

CollegeB  CollegeC  --0.80  0.41.«0.32)—-1.91 0.30 
| CollegeeD | -048 | 0.41 | 1.00] -1.58 | 0.63 





A one-factor between subjects analysis of covariance (ANCOVA) (see Table 1), 
was used to investigate if there were differences in preservice teachers’ rated 
responses among the four colleges of education, controlling forage. The results 
indicated that age co-varied significantly with the dependent variable (i.e., 
preservice teachers’ rated responses), F' (1, 155) = 6.17, p < .05, partial 4° = .07. 
There were differences among the colleges, F (1, 155) =2.78, p< .05, partial 7°= 
.08, after controlling for age. Thus, college accounted for 8% of the variability in 
preservice teachers’ rated responses. Post-hoc pairwise multiple comparison 
tests using Bonferroni alpha levels, indicated that preservice teachers’ rated 
responses for College A were significantly greater than those for College B, t (78) 
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= 1.64, p<.05.The overall estimated marginal mean, M= 31.44, S.E=0.29, 95% 
C.I = [31.15, 31.74], indicated that preservice teachers rated responses were 
closer to the mean (see Table 1). 


Table 2: Homogeneity of Slopes between Age and Type of Variable 








Type of Variable df F Sig " 
| Gender (1,156) 1.23 0.27 oi 
| College (3,152) | 101 | 039 | 02 | 
| Genderx College | G,144 | 039 | O76 | 03 | 


Table 2 indicates homogeneity of slopes between age and variables used in the 
study. These were the assumptions that had to be satisfied before using ANCOVA 
as a design. A test of the homogeneity of slopes indicated no significant interac- 
tion between age and college (i.e., four treatment groups), F (3, 152) = 1.01, p> 
.05 partial 7’ =.02. Similarly, a test of the homogeneity of slopes indicated no sig- 
nificant interaction between age and gender, F' (1, 156) = 1.23, p>.05, partial 7° = 
.01, and also indicated no significant interaction among college, gender and age, 
F (3,144) =.388, p>.05 partial 7’ =.03. 


Table 3: Estimated Marginal Means by Gender and One-Factor 
ANCOVA Tests of Between-Subjects Effects by Gender 


Estimated Marginal Means by Gender 


95% C.1 





| Gender N M SE Lower Bound Upper Bound. 

| Male | 102 [3145/019| 3111 | 3185 | 

| Female | 58 | 31.43/0.52| 30.88 | 31.88 

[ Total | 160 [31.44] 031| 3012 |  31.82_ 

| Source SS df MS F Sig. Oh 
| Gender] 1.79 | 1 |179| 051 | 048 | O01 
| Age | 1598 | 1 [15.98 456 | 0.03 | 0.06 





| 
| Error | 551.07 | 157 | 3.51 
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used to investigate if there were differences in preservice teachers’ rated 
responses for gender, controlling age. The results indicated that age co-varied sig- 
nificantly with the dependent variable (i.e., preservice teachers’ rated responses), 
F (1, 157) =4.56, p <.05, partial 7’=.06. There were no significant differences by 
gender, F (1, 157) = 0.51, p > .05. The overall estimated marginal mean, M = 
31.44, SE=0.31,95% CJ= [30.12, 31.82], indicated that the means were not 
different (see Table 3). 


Table 4: Estimated Marginal Means by College and Gender and 
Two-Factor ANCOVA Tests of Between-Subjects Effects by 
College and Gender 


Estimated Marginal Means by College and Gender 


| 95% C.I 

: | 

Lower Upper 

Gender College | Mean SE Bound | Bound 

College A Bv2lli |) 3k || hil 338} 6290 

College C | 31.63 0.37 30.91 32.38 
Male f 1 | | t 
College D. 31.29 | 0:39 | 30.52 32.06 — 

College B 30.98 0.42 30.31 31.66 

CollegeA 31.65 0.47 = 30.73 B21 

College C | 31.73 | 0.50 | 30.75 32.71 
Female eS 





College D_ 31.42 047 30.49 | 32.34 
CollegeB 30.49 0.59 29.33 31.65 








Source SS df MS F Sig. 1" 
Age | 1695 | 1 |1695; 490 | 003 | .01 | 
College = 24.34 Esai a sae oon | 
| Gender | 200 | 1 |200| o58 | 045 | .02 | 
| CollegexGender | 3.13 | 3 | 1.04/ 030 | 083 | .06 | 
| Error | 522.42 | 151 | 3.46 | | | 
Total 568.840 «159 
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A two-factor between subjects analysis of covariance (ANCOVA) (Table 4), was 
used to investigate if college and gender contributed to preservice teachers’ rated 
responses, after controlling for age. The results indicated that age co-varied sig- 
nificantly with the dependent variable (i.e., preservice teachers’ rated responses), 
F(1, 151)=4.71, p<.05, partial 7’=.01. There was no interaction effect between 
college and gender, F (3, 151) =0.30, p > 0.05, there were no main effects by col- 
lege, F (3,151) = 2.34, p > 0.05, and by gender, F'(1, 151) = 0.58, p > 0.05. The 
highest estimated marginal mean for male, M= 32.11, SE =0.39, C/= [31.33, 
32.90], was associated with College A, while that for female, M= 31.73, SE = 
0.50, C.I =[30.75, 32.71], was associated with College C (Table 4). 


Table 5: Forms of Representing the Dispersion of a Data Set 








Form of Dispersion N M SD 
Range | 160 deSih BS 
Mean Absolute Deviation | 160 4.17 | 0.94 | 
| Standard Deviation =: 160 7.52 [its] 
| Variance es se a) 
| | 


Coefficient of Variation — 160 4.06 1.14 





Table 5 indicates forms of representing the dispersion of a data set. The highest 
responses were recorded for variance, M= 8.12, SD= 1.05, followed by range, M 
= 7.57, SD = 1.13, and then standard deviation, M= 7.52, SD = 1.08. The two 
lower preservice teachers' mean rated responses were recorded for Coefficient of 
Variation, M = 4.06, SD = 1.14 and Mean Absolute Deviation, M= 4.17, SD = 
0.94. 


DISCUSSION: 

The pre-service teachers' knowledge about forms of representing the dispersion 
of a data set has not been very adequate (Ball, Lubienski, &Mewborn, 2001; 
Shulman, 1986; Woolfolk Hoy et al., 2006). This is evident from the values 
recorded in the estimated marginal means of their rated responses. This could be 
due to ineffective teaching strategies used by their teachers which did not engage 
them in the learning process (Noddings, 1995). These teachers may not have 
created favourable conditions for these pre-service teachersto develop their 
mathematical understanding of underlying concepts. They may not have 
believed that these preservice teachers possessed great capacity to think, reason, 
communicate, reflect and critique their own methods. They could not promote 
relationships that created autonomy for the preservice teachers to become 
independent, critical, and intellectual thinkers (Hattie, 2009; Angier & Povey, 
1999). In spite of this, the preservice teachers' rated responses in College A were 
greater than those inCollege A because, teachers in CollegeA may have used 
better pedagogically appropriate methods to enhance their preservice teachers' 
mathematical understanding(Houssart, 2002), than preservice teachers 
inCollege B. 


Further, college and gender do not significantly contribute to preservice teachers' 
knowledge in representing the dispersion of a data set. It is worthy to note that 
other variables other than those aforementioned could contribute to this 
knowledge acquisition (Krauss, Brunner, et al. 2008). In the descriptive 
statistics, the highest responses recorded for variance, followed by range, and 
then standard deviation, point to the fact that the teachers may have taught the 
preservice teachers to articulate sound mathematical explanations, justify and 
communicate their solutions through the use of explicit strategies (McCaffrey, 
Lockwood, Koretz, Louis, & Hamilton, 2004). These teachers may have paid 
attention to the preservice teachers' ideas and were able to determine when to 
intervene to resolve their misunderstanding or confusion (Lobato, Clarke, Ellis, 
2005). However, the lower means recorded for Coefficient of Variation and 
Mean Absolute Deviation, could imply that the teachers were not very 
conversant with conceptual understanding and application of mathematics. 


Implications for Teaching and Learning: 

Preservice mathematics teachers should thoroughly understand every topic that 
teachers teach them before graduating from the college of education. This 
understanding must embrace both content knowledge and pedagogical content 
knowledge for preservice teachers to give off their best in delivering their 
instruction. 


CONCLUSION: 

Preservice teachers' rated responses in College A were greater than those in 
College B. College and gender do not significantly contribute to pre-service 
teachers' knowledge in representing the dispersion of a data set. It is worthy to 
note that other variables other than these could contribute to this knowledge 
acquisition. Further, preservice teachers' rated responses on their mathematical 
knowledge for variance, range, and standard deviation were high, while those for 
Coefficient of Variation and Mean Absolute Deviation were low. 
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